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© Method for preparation of graft polymer membranes, and anion and cation exchange membranes. 

© A method for the preparation of a graft polymer 

membrane comprising an inactive polymer film having ITS 

as a graft chain, wherein the inactive polymer film is 

irradiated with ionizing radiation, and the resulting irradiated 

film is graft-polymerized by dipping in or otherwise contact- 
ing the film with TfS or a solution thereof. 

This product may then be sulfonated to provide a cation 

exchange membrane; or the obtained graft polymer may be 

haloalkylated, and quarternary aminated to provide an anion 

exchange membrane; or the graft polymer membrane may 

be used to prepare a weakly acidic cation exchange mem- 
^ brane by substituting at least part of the benzene rings of the 

graft polymer by one of the groups among hydroxy! groups, 
^ carboxylic acid groups, phosphoric acid groups and phos- 
«L phorous acid groups. 
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" METHOD FOR PREPARATION OF GRAFT POLYMER MEMBRANES. AND 
ANION AND CATION EXCHANGE MEMBRANES " 

This invention relates generally to electrolytic 
apparatus, and more particularly relates to polymeric 

5 membranes of the type used in electrochemical cells, and 
to methods for manufacture of such membranes. 
Specifically, the invention relates to a method for the 
preparation of graft polymer membranes, to certain anion 
exchange membranes, and to certain weakly acidic cation 

10 exchange membranes. 

A cation exchange membrane comprising an inactive 
polymer film having sulf onated*^3-tr if luorostyrene 
(hereinaf ter<*^ # £-trif luorostyrene shall be referred to 
as M TFS M ) as a graft chain is disclosed in U.S. Patent 
15 No. 4,012,303, and has been used for the electrolysis of 
sodium chloride and fuel cells. This cation exchange 
membrane is prepared by graft-polymerizing TFS onto the 
inactive polymer film, and then sulfonating the grafted 
film. 

20 Heretofore, the graft polymer membrane comprising 

the inactive polymer film and TFS graft-polymerized 
thereon has been prepared by dipping an inactive polymer 
film in or otherwise contacting it with a solution of 
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TPS in an inert organic solvent, irradiating the film 
with Co or the like to graft-polymerize the TFS, and 
then sulfonating the grafted film. However, this 
method suffers from certain deficiencies, including that 
it is low in productivity and uneconomical, because the 
irradiation must be continued for 240 hours in order to 
produce a cation exchange membrane having a graft rate 
of about 15%. Furthermore since the TFS is also 
simultaneously irradiated, homopolymerization of the 
TFS. decrease of the graft rate and deterioration of the 
TFS occurs. 

Now in accordance with the present invention a 
method is provided for economically producing the 
membrane in a short irradiation time and with no 
homopolymerization or deterioration occurring on the 
TFS. The membrane can be produced with high efficiency 
by irradiating the inactive polymer film alone with 
ionizing radiation to form radicals, and dipping or 
otherwise contacting, said radical-containing film with 
TFS or its solution to graft-polymerize the membrane. 
Subsequently the membrane may be sulfonated to provide a 
cation exchange membrane; or. in accordance with a 
further aspect of the invention, may be 
quaternary-aminoalkylated to provide an anion exchange 
membrane; or the membrane may be treated so as to 
substitute at least part of the benzene rings of the 
graft polymer by hydroxyl groups, carboxylic acid 
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groups, phosphoric acid groups, and/or phosphorous acid 
groups, to provide a weakly acidic cation exchange 
membrane. 

Thus, the present invention in one aspect provides a 
method for the preparation of a graft polymer membrane 
comprising an inactive polymer film having TFS as a 
graft chain, by irradiating the inactive polymer film 
with ionizing radiation, and graft-polymerizing the 
resulting irradiated film by dipping in or otherwise 
contacting the same with TFS or its solution. 

The inactive polymer film used in the invention may 
be suitably any film comprising a hydrocarbon polymer, 
fluorine-containing hydrocarbon polymer, 
perf luorohydrocarbon polymer or the like, which may be 
either a homopolymer or a copolymer, and it is selected, 
for example, from polyethylene film, 
polytetraf luoroethylene film, polyethylene - 
polytetraf luoroethylene copolymer film, 
polychloroethylene film, polychlorotr if luoroethylene 
film, polyvinylidene fluoride film, polyvinyl fluoride 
film, tetraf luoroethylene - hexaf luoropropylene 
copolymer film, tetraf luoroethylene-ethylene copolymer 
film, tetraf luoroethylene-propylene copolymer film, 
tetraf luoroethylene-perf luoroalkyl vinyl ether copolymer 
film, chlorotrif luoroethylene-ethylene copolymer film, 
and chlorotrif luoroethylene-propylene copolymer film. 
These films may have fine pores. 

The radiation applied to the inactive polymer film 
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may be any one capable of foraing radicals on the film, 
and various ionizing radiations can be used for this 
purpose. The dose of the radiation is preferably l to 
30 Mrad, which varies with the material of the inactive 
polymer film. A dose of less than 1 Mrad or more than 
30 Mrad is usually undesirable, because the graft 
polymerization does not proceed well in the former case 
or the membrane function is lowered in the latter 
case. The irradiation can be suitably carried out in 
the air, in an oxygen atmosphere, or in a nitrogen 
atmosphere. The radicals formed on the irradiated film 
will retain their life for about two weeks at 0°C, for 
about a week at 10-C, and for two to three days at room 
temperature, in an inert gaseous atmosphere. 
Accordingly, this enables the irradiated film to be 
transported to another locale to facilitate a graft 
polymerization as will be described later. 

Subsequently, the graft polymerization of TFS is 
carried out on the irradiated film as follows: The 
irradiated film is dipped in TFS which has or has not 
been dissolved in a solvent, such as chloroform, 
methylene chloride, carbon tetrachloride, 
1,1,2 , 2-tetrachloroethane, 

1. 1,2-trichloro-trif luoroethane or benzene, or the film 
is contacted with TFS by coating or other means, and the 
reaction is preferably carried out at 10 to 90<>c for l 
to 50 hours. in this case, the reaction does not 
require any additives such as a catalyst, but it 
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proceeds simply by dipping the film in or otherwise 
contacting it with TFS to give a graft polymer membrane 
at a graft rate of 10 to 50%. 


Weight of graft Weight of 
Graft polymer membrane base film 
rate - X 100 

(*) Weight of base film 


The graft polymer membrane can be used as a cation 
exchange membrane by substituting benzene rings by 
sulfonic acid, carboxylic acid, phosphoric or 
phosphorous acid groups; as an anion exchange membrane 
by substituting benzene rings by amino groups; and as a 
neutral membrane by substituting benzene rings by 
hydroxyl groups. The substitution of the benzene rings 
of the graft polymer membrane produced as above will be 
described in more detail subsequently. 

In the accompanying drawings: 

FIGURE 1 is a surface infrared spectrum of 
tetraf luoroethylene-ethylene copolymer film before graft 
polymerization with TFS; 

FIGURE 2 is a surface infrared spectrum of the graft 
polymer film comprised of the film and TFS 
graft-polymerized thereon in accordance with the 
invention; 
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FIGURE 3 is an infrared spectrum of a sulfonated 
graft polymer membrane produced in accordance with 
Example V herein; 

FIGURE 4 is an infrared spectrum of a graft polymer 

5 membrane after chloromethylation in accordance with 
Example XII herein; and 

FIGURE 5 is an infrared spectrum of an anion 
exchange membrane after quarternary amination of the 
product of Example XII herein. 

10 There will now be described in detail the production 

and use of sulfonated graft polymer membranes, together 
with certain Examples thereof (Examples I to IX); the 
production of anion exchange membranes, together with 
certain Examples thereof (Examples X to XV); and the 

15 production of cation exchange membranes, together with 
certain Examples thereof (Examples XVI to XXI). 

All the following Examples I to XXI 2re to be 
understood as being illustrative Examples of the 
invention only. 

20 Production of Sulfonated Graft Polymer Membranes 

The sulfonating agents usable in producing 
sulfonated graft polymer membranes in accordance with 
the invention, include chlorosulf onic acid, 
f luorosulf onic acid, concentrated sulfuric acid and 

25 sulfuric anhydride. It is preferred to use 

chlorosulf onic or f luorosulf onic acid rather than 
concentrated sulfuric acid which affords a low rate of 
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sulfonation, or sulfuric anhydride which is difficult to 
handle. The graft polymer~membrane is dipped in a 
solution of a sulfonating agent in carbon tetrachloride, 
chloroform or methylene chloride and is reacted at 40 to 
150°C for 10 to 100 minutes. The graft polymer 
membrane is then treated in an aqueous solution of 
1N-KOH at 90°C for one or two hours for conversion into 
a sulfonate salt. The product thus obtained is a 
sulfonated membrane having a sulfonation rate of 40 to 
100* and a membrane resistance of 0.9 to 5 ohm. cm. 
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EXAMPLE I 

A cation exchange membrane prepared as above (where- 
in the inactive polymer film used as a sample was a polyethy- 
lene-polytetraf luoroethylene copolymer film) was compared as 
respects physical properties with Nafion* 120 which is a product 
of Du Pont, and a perf luorocarbonsulfonate type cation exchange 
membrane. The results are shown in Table 1. 

Table 1 


Membrane 


(a) 

Ion exchange 
capacity 


(b) ( C ) 
Membrane Extensibility Trans- 
resistance f erence 
number 


Membrane 
of this 
invention 

Naf ion 
120 


0,61 


0.83 


1.71 


1.48 


3.4 to about 
4.5 


4,0 


0.94 


0.93 


(a) meq/g of dry membrane 

(b) ohm-m in 0 , 5N KC1 

(c) 0.5N/1.0N KC1 


Table 1 indicates that the above cation exchange mem- 
brane where the inactive polymer film comprises a fluorine- 
containing polymer, has nearly the same properties as Nafion* 
120, a product of Du Pont, which is a membrane consisting of 
a perf luorocarbon polymer. 
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The cation exchange membrane can be used as a diaphragn 
for various purposes, such as the electrolysis of water, the 
electrolysis of sodium chloride, the electrolysis of Glauber's 
salt, fuel cells, the electrolysis of sodium salts of amino 
acids, high-temperature electrodialysis or in zinc-halogen type 
cells, as will be illustrated below. 

In this invention, an inactive polymer film is first 
irradiated with ionizing radiation to form radicals on the film, 
the irradiated polymer film is subsequently dipped in or other- 
wise contacted with TFS to cause a graft polymerization, so 
that the TFS is free from the irradiation and never- polymerized 
nor deteriorated. Moreover, since the graft polymerization 
of TFS on the inactive polymer film is carried out without 
any irradiation, the irradiation time can be shortened, and 
the dose can* be decreased. Accordingly, the method of this 
invention is quite economical and safe* 

EXAMPLE II 

A 100 micron-thick low-density polyethylene film was 
irradiated in a dose of 10 Mrad under conditions of 2 MV and 
1mA in a nitrogen atmosphere, using a resonant transfer elec- 
trobeam generator. Then, the irradiated polyethylene film 
was placed in a reaction vessel and deaerated under a reduced 
pressure of 10~ 3 mmHg, and TFS which had previously been 
freed of dissolved oxygen by f reeze-deaeration was injected 
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into the reaction vessel, to carry out a reaction in a state 
in which the irradiated film was kept in the TPS at room 
temperature for 20 hours. On completion of the reaction, 
the resulting graft polymer film was taken out of the vessel, 
cleaned with n-hexane, and then dried. The graft polymer 
membrane thus obtained had a graft rate of 23%. 

The graft polymer membrane was sulfonated by dipping 
in a solution consisting of 30 parts of chlorosulfonic acid 
and 70 parts of carbon tetrachloride at 40"C for 40 minutes. 
On completion of the reaction, the membrane was taken out 
of the vessel and cleaned with carbon tetrachloride to remove 
excessive chlorosulfonic acid. The graft polymer membrane thus 
sulfonated had a sulfonation rate of 95%. 

The membrane was subsequently hydrolyzed by dipping 
in a IN KOH solution at 90* for -two hours. The resulting 
graft polymer membrane had an ion exchange capacity of 1.5 
meq/g of dry membrane. 

This graft polymer membrane had an electric resist- 
ance of 1.4 ohms -cm 2 when measured under 1 KHz AC in 0.6N 
KCl at 20 °C, and a transference number of 0.90 when measured 
in 0.5N KC1/1.0N KCl. When the same membrane was dipped in 
an aqueous solution of 3% H 2 0 2 containing 4 ppm of Mohr's 
salt at 70»C for 24 hours, the film had its weight decreased 
by 15%. 
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EXAMPLE III 

A graft polymer membrane was prepared as in Ex- 
ample II/ except that a 100 micron thick polyvinyl idene fluoride 
film was used. The membrane obtained had a graft rate of 20%, 
a sulfonation rate of 60%, and an ion exchange capacity of 
0.6 meq/g of dry membrane. 

This graft polymer membrane had an electric re- 
sistance of 3.2 ohms'cra 2 when measured under 1 KHz AC in 0.6N 
KC1 at 20 °C, and a transference number of 0.93 when measured in 
0.5N KC1/1.0N KC1. When the graft polymer membrane was dipped 
in an aqueous solution of 3% H 2 0 2 containing 4 ppm of Mohr's 
salt at 70 °C for 24 hours, the membrane had its weight de- 
creased by 10%. 

EXAMPLE IV 

A 100 micron tetraf luoroethylene-ethylene copolymer 
film was irradiated with a dose of 10 Mrad in the same manner 
as in Example II. Subsequently, the irradiated film was 
placed in a reaction vessel and deaerated under a reduced 
pressure of 10~3 ^ Hg , and a TFS so i ut i on (50 parts of TFS 

and 50 parts of 1,2,2-trichlorotrif luoroethane) which had 
previously been freed of dissolved oxygen by f reeze-deaeration 
was injected into the vessel, to cause a graft polymerization 
in a state in which the irradiated film was kept dipped in 
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the TFS at 50 # C for 20 hours. On completion of the reaction, 
the resulting graft polymer film was taken out of the vessel, 
cleaned with n-hexane, freed of unchanged monomers by ex- 
traction, and then dried. The graft polymer membrane thus 
obtained had a graft rate of 21%. 

Figure 1 is a surface infrared spectrum of tetra- 
fluoroethylene-ethylene copolymer film before the graft 
polymerization of TFS , and Figure 2 is a surface infrared 
spectrum of the graft polymer film comprised of the film and 
TFS graft-polymerized thereon. 

In Figure 2, the absorptions at 1720 and 1640cm -1 in- 
dicate the double bonds of the benzene rings and the absorption 
at 690cnrl indicates one-substituted benzene rings. From the 
two spectra, the graft-polymerization of TFS onto the tetra- 
f luoroethylene-ethylene copolymer was confirmed. 

This graft polymer membrane was sulfonated by 
dipping in a solution consisting of 30 parts of chlorosulf onic 
acid and 70 parts of 1,1, 2 , 2-tetrachloroethane at 135°C for 
40 minutes. On completion of the reaction, the graft polymer 
membrane was taken out of the vessel and cleaned with carbon 
tetrachloride to remove excessive chlorosulfonic acid. The 
membrane thus obtained had a sulfonation rate of 90%. 
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This graft polymer membrane was hydrolyzed by dipping 
in a IN KOH solution at 90°C for two hours. The resulting mem- 
brane had an ion exchange capacity of 1.0 meq/g of dry membrane* 

This graft polymer membrane had an electric resis- 
tance of 2,1 ohm- cm 2 when measured under 1 KHz AC in 0.6N KC1 
at 20°C, and a transference number of 0,92 when measured in 
0.5N KC1/1.0N KC1. This film had its weight decreased by 3% 
when it was dipped in an aqueous solution of 3% H2O2 containing 
4 ppm of Mohr's salt at 70°C for 24 hours. 

EXAMPLE V 

A 100 micron-thick tetraf luoroethylene-ethylene copo- 
lymer film was graft-polymerized and subsequently sulfonated 
in the same manner as in Example IV, to give a graft polymer 
membrane. The graft polymer membrane thus obtained .had a 
graft rate of 16%, a sulfonation rate of 80% r and an ion ex- 
change capacity of 0.7 meq/g of dry membrane. 

This graft polymer membrane had an electric resist- 
ance of 3.5 ohm- cm 2 when measured under i KHz AC in 0.6N KC1 at 
20°C, and a transference number of 0.93 when measured in 
0.5N KC1/1.0N KC1. This membrane had its weight decreased by 
3% when it was dipped in an* aqueous solution of 3% H2O2 con- 
taining 4 ppm of Mohr's salt at 70°C for 24 hours. 

An infrared spectrum of this membrane appears in 

Figure 3* 
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EXAMPLE VI 

A 100 micron thick polytetraf luoroethylene film was 
graft-polymerized and subsequently sulfonated in the same 
manner as in Example IV to give a graft polymer membrane. 

This graft polymer membrane had an electric resist- 
ance of 4.0 ohm- cm 2 when measured under 1 KHz AC in 0.6N KC1 
at 20°C, and a transference number of 0.93 when measured in 
0.5N KC1/1.0N KC1. This membrane had its weight decreased 
by less than 1% when it was kept in an aqueous solution of 
3% H 2 0 2 containing 4 ppm of Mohr's salt at 70°C for 24 hours. 

EXAMPLE VII 

The graft polymer membrane produced according to 
the method of Example V was coated on both sides with a 
powdery mixture consisting of ruthenium black and graphite 
in a ratio of 1:1 by weight, using polytetraf luoroethylene as 
a binder under a pressure of 126 kg/cm2 at 350°C for 30 min- 
utes. Separately, graphite and a poly ten raf luoroethylene 
emulsion were mixed in a ratio of 8:2 by weight, and the 
mixture was hot-pressed under 130 kg/cm 2 at 350°C for 30 
minutes to give a porous membrane having a thickness of 
100 microns. This porous membrane was affixed onto the 
catalyst layer side of the graft polymer membrane by means 
of a hot press under 130 kg/cm 2 at 350°C for 30 minutes, 
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15 


20 


whereby a fuel cell having this porous membrane- on the oxygen 
pole side was prepared. 

EXAMPLE VIII 

A saturated sodium chloride solution was electrolyzed 
in an electrolyzer having an effective current-flow area of 1 
dm 2 by the use of the graft polymer membrane produced according 
to the method of Example V. The anode was made of titanium 
mesh coated with Ti0 2 and Ru0 2 . and the cathode made of 
stainless steel mesh- The saturated sodium chloride solu- 
tion, charged in the anode chamber, was electrolyzed at a 
current density of 30 A/dm2 to give 30% NaOH, where the 
current efficiency was 921 and the cell voltage was 3.3V. 

EXAMPLE IX 

An electrolyzer used herein was a three-chamber 
structure having an anode chamber, a central partition 
chamber and a cathode chamber partitioned by two sheets of 
the graft polynjer membrane produced according to the meth- 
od of Example V. The anode was made of titanium mesh coat- 
ed with Ti0 2 and Ru0 2 , and the cathode nickel mesh. The 
anode chamber was charged with 10% H 2 S0 4 , the central 
partition chamber with 15% Na 2 S0 4 , and the cathode chamber 
with 10% NaOH . As a result of electrolysis at a current 
density of 20 A/dm 2 , a 4% H 2 S0 4 solution was obtained from 
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the central partition chamber, and a 151 NaOH solution 
from the cathode chamber, where the current efficiency was 
70% and the cell voltage 4.2V. 

Production of Anion Exchange Membranes 

Anion exchange membranes can be produced with 
high efficiency by irradiating the inactive polymer film 
alone with ionizing radiation to form radicals, dipping 
said radical-containing film in or otherwise contacting 
it with TFS or its solution to graft-polymerize the mem- 
brane, and subsequently haloalkylating and quarternary- 
aminating it* 

The present invention, in a further aspect thereof , 
provides an anion exchange membrane comprising a 
graft polymer membrane composed of an inactive polymer film 
and TFS thereon as a graft chain, wherein at least part of the 
benzene rings is substituted by quarternary ammonium alkyl 
groups; and provides a method for the preparation of such an 
anion exchange membrane. 

As indicated, following the graft- polymerization 
of TFS, the graft polymer membrane is haloalkylated ;as halo- 
alkyl group, chloromethyl group, broraomethyl group, chloroethyl 
group and the like can be used. As a haloalkylating agent, 
which depends on the kind of the haloalkyl group, chlororaethy- 
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lother (CH 3 OCH 2 CI), paraformaldehyde ( (CH 2 0) 3 ) and - 
hydrochloric acid and the like can be employed in the case 
of the chloromethyl group. A known process may be employed 
to introduce the haloalkyl group, when chloromethylether is 
used as a haloalkylating agent, the graft polymer membrane 
is dipped in chloromethylether containing aluminium chloride 
as a catalyst to react for 1-20 hours at 40 - 80°C. When 
paraformaldehyde is used, the graft polymer membrane is 
allowed to react with paraformaldehyde and hydrochloric acid 
in the presence of zinc chloride as a catalyst at 40 - 80°C. 
The chloromethylation rate upon completion of the reaction 
is 10 to 100%. 

Subsequently, after the graft polymer membrane 
is dipped in benzene or the like to be swelled somewhat, 
it is dipped in 5 - 50% tertiary amine aqueous solution at 
40 - 70 °C for 2-10 hours to produce an anion exchange 
membrane. As tertiary amine, trimethylamine , triethylamine, 
N,N-diraethyl-2-hydroxyethylamine and the like can be employed. 
The ion exchange capacity of the anion exchange membrane is 
0.6 - 2.0 meq/g.dry resin. 
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EXAMPLE X 

A 100-micron thick low-density polyethylene film 
was irradiated in a dose of 10 Mrad under conditions of 
2 MV and 1 mA in a nitrogen atmosphere, using a resonant 

5 transfer electrobeam generator. Then, the irradiated poly- 

ethylene film was placed in a. reaction vessel and deaerated 
under a reduced pressure of 10 -3 mmHg, and TFS which had pre- 
viously been freed of dissolved oxygen by f reeze-deaeration 
was injected into the reaction vessel, to carry out a re- 

10 action in a state in which the irradiated film was kept in 
the TFS at room temperature for 20 hours. On completion of 
the reaction, the resulting graft polymer film was taken out 
of the vessel, cleaned with n-hexane, and then dried. The 
graft polymer membrane thus obtained had a graft rate of 

15 23%. 

The graft polymer membrane was dipped in chloro- 
methylether containing aluminium chloride as catalyst to be 
reacted at 58°C for 6 hours, was washed with 10% hydrochloric 
acid f and then was washed with distilled water. The chloro- 
20 methylation rate of the thus obtained graft polymer membrane 
was 80%. 

The graft polymer membrane, after the chlorometh- 
ylation, was dipped in benzene for 30 minutes to be swollen, then 
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was dipped in 30% tr-iraethyl amine aqueous solution to be re- 
acted for 4 hours at 50°C. 

The ion exchange capacity of the anion exchange 
membrane thus obtained was 0 . 86/meq/g .dry resin. 

5 This anion exchange polymer membrane had an elec- 

tric resistance of 4.2 ohra*cm2 when measured under 1 KHz 
AC in 0.6N KC1 at 20°C, and a transference number of 0.92 
when measured in 0.5N KC1/1.0N KC1. When the anion exchange 
membrane was dipped in distilled water at 95°C for 6 hours, 

10 the weight decrease rate was nearly 0% and the membrane re- 
sistance and the transference number were scarcely unchanged. 

EXAMPLE XI 

A graft polymer membrane was prepared as in 
Example X, except that a 100-micron thick polyvinylidene 
15 fluoride film was used. The membrane obtained had a graft 
rate of 20%, a chloromethyla tion rate of 78%, and an ion 
exchange capacity of 0.75 meq/g of dry membrane. 

This anion exchange membrane had an electric re- 
sistance of 5.0 ohm-cm 2 when measured under 1 KHz AC in 
20 0.6N KC1 at 20°C, and a transference number of 0.93 when 
measured in 0.5N KC1/1.0N KC1. When the anion exchange 
membrane was dipped in distilled water at 95°C for 6 days. 
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the weight decrease rate of the membrane was nearly Ot and 
the membrane resistance and the transference number were 
scarcely unchanged. 

EXAMPLE XII 

A 100 micron-thick tetraf luoroethylene-ethylene 
copolymer film was irradiated in a dose of 10 Mrad in the 
same manner as in Example X. Subsequently, the irradiated 
film was placed in a reaction vessel and deaerated under a 
reduced pressure of 10"3 mmHg, and a TFS solution (50 parts 
of TFS and 50 parts of 1, 2 , 2-trichlorotr i f luoroethane) which 
had previously been freed of dissolved oxygen by free2e- 
deaeration was injected into the vessel, to cause a graft 
polymerization in a state in which the irradiated film was 
kept dipped in the TFS at 50°C for 6 hours. On completion 
of the reaction, the resulting graft polymer film was taken 
out of the vessel, cleaned with n-hexane, freed of unchanged 
monomers by extraction, and then dried. The graft polymer 
membrane thus obtained had a graft rate of 18%, 

The graft polymer membrane was dipped in chloro- 
methylether containing aluminium chloride as catalyst to be 
reacted at 58*C for 6 hours, was washed with 10% hydrochlor- 
ic acid, and then was washed with distilled water. The 
chlororaethylation rate of the thus obtained graft polymer 
membrane was 80%. 
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Figure 4 is an infrared spectrum of the graft poly- 
mer membrane after chloromethylation. The chloromethylation 
was confirmed to occur by the absorption at 790cm-l due to 
the stretching vibration of C-Cl bond. 

5 After the graft polymer membrane from the chloro- 

methylation was dipped in benzene for 30 minutes to be 
swollen, it was dipped in 30% trimethylamine aqueous solution 
and reacted for 4 hours at 50°C. 


10 


15 


20 


. Figure 5 is an infrared spectrum of the graft 
polymer membrane (anion exchange membrane) after amination. 
The amination was confirmed to occur by the absorption at 
1480cm-l due to the stretching vibration of active methylene 
group. The absorptions at 3600 cm"! and 1640 cm"! due to 
water in the anion exchange membrane were observed. 

The ion exchange capacity of the thus obtained 
anion exchange membrane was 0 . 7meq/g .dry resin. 

This anion exchange membrane had an electric re- 
sistance of 4.8 ohm-cm2 when measured under 1 KHz AC in 0.6N 
KC1 at 20«C, and a transference number of 0.94 when measured 
in 0.5N KC1/1.0N KC1. When the anion exchange membrane was 
dipped in distilled water at 95'C for 6 days, the weight de- 
crease rate of the membrane was nearly 0% and the membrane 
resistance and the transference number were scarcely unchanged, 
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EXAMPLE XIII 

A 25 micron-thick tetraf luoroethylene-ethylene 
copolymer film was graft-polymerized and subsequently chloro- 
methylated in the same manner as in Example XII to give a 
graft polymer membrane. The graft polymer membrane thus 
obtained had a graft rate of 18%, and a chloromethylation rate 
of 80%. 

The graft polymer membrane after chloromethylation 
was dipped in N , N-d imethy 1-2-hydroxyle thy 1 amine and reacted 
at 50°C for 6 hours. 

The ion exchange capacity of the anion exchange 
membrane was 0.7meq/g.dry resin and an ion exchange capacity 
of 0.7meq/g of dry membrane. 

This anion exchange membrane had an electric re- 
sistance of 5.2 ohm» cm^ when measured under 1 KHz AC in 0.6N 
KC1 at 20 °C, and a transference number of 0.9 5 when measured 
in 0.5N KC1/1.0N KC1. When the anion exchange membrane was 
dipped in distilled water at 95°C for 6 days, the weight de- 
crease rate of the membrane was nearly 0% and the membrane 
resistance and the transference number werescarcely unchanged. 

EXAMPLE XIV 

An anion exchange membrane was prepared as in 
Example XII, except that a 100 micron-thick tetraf luoro- 
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ethylene film was used. The anion exchange membrane thus 
obtained nad a graft rate of 18%/ a ch ioronethylation rate 
of 80% r and an ion exchange capacity of 0.71 meq/g of dry 
membrane. 

This anion exchange membrane had an electric re- 
sistance of 6.0 ohm cm2 when measured under 1 KHz AC in 0.6N 
KC1 at 20°C, and a transference number of 0.93 when measured 
in 0.5N KC1/1.0N KC1. When the anion exchange membrane 
was dipped in distilled water at 95°C for 6 hours, the weight 
decrease rate of the membrane was nearly 0% and the membrane 
resistance and the transference number were unchanged. 

EXAMPLE XV 

As a comparison, an anion exchange membrane was 
prepared which comprised a commercial diviny Lbenzene-viny 1- 

15 idenchloride copolymer film treated with tr imethyl amine , which 
was dipped in distilled water at 95°C for 6 hours,* the weight 
decrease rate was 10%. The membrane resistance (in 0.6N KC1) 
before the heat treatment was 21.6 ohm cm 2 , and after the 
heat treatment was 21.2 ohm cm 2 . 

20 However, the transference number (in 0.5N 

KC1/1.0 N KC1) was decreased from 0.94 before the heat treat- 
ment to 0.92 after the heat treatment. 
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Production of Cation Exchange Membranes 

Weakly acidic cation exchange membranes can be pro- 
duced with high efficiency by irradiating the inactive poly- 
mer film alone with ionizing radiation to form radicals, 
5 dipping said radical-containing film in or otherwise contact- 

ing it with TFS or its solution to graft-polymerize the mem- 
brane, and subsequently hydroxylating, carboxylating, phospho- 
rating or phosphonating it. 

Thus, this invention in a further aspect thereof 
10 provides a weakly acidic cation exchange membrane comprising 
a graft polymer membrane composed of an inactive polymer film 
and TFS thereon as a graft chain, wherein at least part of the 
benzene rings is substituted by one of groups among hydroxyl 
group, carboxylic acid group, phosphoric acid group and 
15 phosphorous acid group; and provides a method for the prepara- 
tion of such a weakly acidic cation exchange membrane. 

Following the graft polymerization of TFS as pre- 
viously discussed, the hydroxy lation, carboxylation, phosphor- 
ation or phosphonat ion of the membrane is carried out. The 
20 introduction of the substituting groups may be carried out 
by known methods. 

When hydrogen peroxide is employed as a hydroxylat- 
ing reagent, the graft-polymer membrane is dipped in a 
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3%-aqueoua hydrogen peroxide solution containing aluminium chlor- 
ide aa a catalyst to be reacted at 0 - 5«C for 1 - 10 hours. 
When alkylhydroperoxide is employed, the graft-polymer mem- 
brane is dipped in an alkylhydroperoxide solution containing 
aluminium chloride as a catalyst to be reacted at -20 to O'C 
for 1 - 10 hours. Upon completion of the reaction, the hy- 
droxylation rate is 10 - 100%. The ion exchange capacity of 
the thus manufactured weakly acidic membrane is 0.6 - 20 
meq/g dry resin. 

Oxalic chloride, alkyllithium -carbon dioxide and 
the like can be used as a carboxylating reagent. The car- 
boxylation rate is 40 - 90%. 


Trialkyl phosphate, dialkyl phosphite and the like 
can be used as a phosphoration or phosphonation reagent. The 
15 phosphoration or phosphonation race is 50 - 95%. 

The hydroxylation according to the present inven- 
tion means that the hydroxyl group is in combination with 
the benzene ring directly. However, the carboxy lation, phos- 
phoration and phosphonation include direct combination 
with the benzene ring and indirect combination with the 
benzene ring through methylene groups. 

The weakly acidic cation membrane according to the 
present invention can be used as various diaphragms for such 
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purposes as the electrolysis of Glauber's salt, the electrol- 
ysis of water, desalination of sea water, electrodialysis and 
the like. 


EXAMPLE XVI 

A 100 micron-thick low-density polyethylene film 
was irradiated with a dose of 10 Mrad under conditions of 
2 MV and 1 mA in a nitrogen atmosphere, using a resonant 
transfer electrobeam generator. Then, the irradiated poly- 
ethylene film was placed in a reaction vessel and deaerated 
under a reduced pressure of 10" 3 mmHg, and TFS which had pre- 
viously been freed of dissolved oxygen by f reeze-deaeration 
was injected into the reaction vessel, to carry out a reac- 
tion in a state in which the irradiated film was kept in 
the TFS at room temperature for 20 hours. On completion of 
the reaction, the resulting graft polymer film was taken out 
of the vessel, cleaned with n-hexane, and then dried. The 
graft polymer membrane thus" obtained had a graft rate of 23%. 

The graft polymer membrane was dipped in a 3%-hydro- 
gen peroxide aqueous solution containing aluminium chloride as 
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catalyst to be reacted at 0 - 5 *C for 2 hours, and then was 
washed with lN-hydrochloric acid. The hydroxylation rate 
of the thus obtained weakly acidic cation exchange membrane 
was 90%, and the ion exchange capacity was 0 . 97meq/g.dry 
resin. The weakly acidic cation exchange membrane was 
dipped in 0.5N-KOH aqueous solution. This weakly acidic cation 
exchange membrane had an electric resistance of 6.0 ohm cm2 
when measured under 1 KHz AC in 0.6N KCl at 20-C, and a 
transference number of 0.96 when measured in 0.5N KC1/1.0W 
KCl. When the exchange membrane was dipped in distilled 
water at 95«C for 6 hours, the weight decrease rate was 
nearly 0% and the membrane resistance and the transference 
number were scarcely unchanged. 


EXAMPLE XVII 


A weakly acidic cation membrane was prepared as 
in Example XVI, except. that a 100 micron-thick polyvinyl- 
idene fluoride film was used. The membrane obtained herein 
had a graft rate of 20%, a hydroxylation rate of 85%, and an 
ion exchange capacity of 0.82 meq/g of dry membrane. 

This membrane had an electric resistance of 7,2 
ohm -cm2 when measured under 1 KHz AC in 0.6N KCl at 20 °C, 
and a transference number of 0.97 when measured in 0.5N 
KC1/1.0N KCl after the conversion of phenolic hydroxyl group 
to K-fonn by the treatment of 0.5N-KOH aqueous solution. 
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When the cation exchange membrane was dipped in distilled water 
at 95°C for 6 days, the weight decrease rate of the membrane 
was nearly 0% and the membrane resistance and the transfer- 
ence number were scarcely changed* 

EXAMPLE XVIII 

A 25 raicron-thick tetraf luoroethylene-ethylene copo- 
lymer film was irradiated in a dose of 10 Mrad in the same 
manner as in Example XVI. Subsequently, the irradiated nlra 
was placed in a reaction vessel and deaerated under a reduced 
pressure of 10 ~ 3 mmHg, and a TFS solution (50 parts of TFS 
and 50 parts of 1,2,2-trichlorotrif luoroethane) which had 
previously been freed of dissolved oxygen by f reeze-deaeration 
was injected into the vessel, to cause a graft polymerization 
in a state in wtiich the irradiated film was kept dipped in 
the TFS at 50°C for 6 hours. On completion of the reaction, 
the resulting graft polymer film was taken out of the vessel, 
cleaned with n-hexane, freed of unchanged monomers by ex- 
traction, and then dried. The graft polymer membrane thus 
obtained had a graft rate of 18%. The graft polymer mem- 
brane was dipped in a 3%-hydrogen peroxide aqueous solution 
containing aluminium chloride' as catalyst to be reacted at 
0 - 50 °C for 2 hours, and then was washed with IN-hydro- 
chloric acid. The hydroxylation rate of the thus obtained 
membrane was 90%, and the ion exchange capacity was 0.79 
meq/g.dry resin. 
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This weakly acidic cation exchange membrane had 
an electric resistance of 2.5 ohm- cm2 when measured under 
1 KHz AC in 0.6N KC1 at 20«C. and a transference number of 
0.97 when measured in 0.5N KC1/1.0N KC1 after the conversion 
of phenolic hydroxyl group to K-form by the treatment of 
0.5N-KOH aqueous solution. When the cation exchange membrane 
was dipped in distilled water at 95'C for 6 days, the weight 
decrease rate off the membrane was nearly 0% and the membrane 
resistance and the transference number were scarcely unchanged. 


EXAMPLE XIX 


A 100 micron-thick polytetraf luoroethylene film was 
prepared in the same manner as in Example XVIII. The graft 
rate, hydroxylation rate and ion exchange capacity were 
18%, 90% and-0.80meq/g.dry resin respectively. 

This cation exchange membrane had an electric 
resistance of 7.6 ohm- cm2 when measured under 1 KHz AC in 
0.6N KC1 at 20'C, and a transference number of 0.98 when 
measured in 0.SN KC1/1.0N KC1 after the conversion of phen- 
olic hydroxyl group to K-form by the treatment of 0.5N-KOH 
aqueous solution. When the anion exchange membrane was 
dipped in distilled water at 95'C for 6 days, the weight de- 
crease rate of the membrane was nearly 0% and the membrane 
resistance and the transference number were scarcely unchanged. 
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EXAMPLE XX 

Oxalic chloride 0.6g (Sm mols) was added dropwiae 
to a mixture of aluminium chloride 0.7g (5m mols) and carbon 
disulfide (lOral) maintaining the mixture temperature between 

5 10 - 15 °C by ice-cooling. The graft-polymer membrane piece 
{8cm x 6.5 cm) prepared in the same manner as in Example 
XVI was dipped in the above mixture solution for 10 minutes, 
and then was heated for 1 hour under reflux. After heating, 
the membrane was taken out of the solution, was dipped in 

10 50ml of 12N-HC1 solution, and then washed with distilled 

water. The carboxylation rate of the thus obtained weakly 
acidic cation exchange membrane was 70%, and the ion exchange 
capacity was 0 . 70meq/g. dry resin. This weakly acidic cation 
exchange had an electric resistance of 5.2 ohnr cm 2 when 

15 measured under 1 KHz AC in 0.6N-KC1 at 20°C, and a transfer- 
ence number of 0.95 when measured in 0 . 5N-KC1/1.0N-KC1. 

EXAMPLE XXI 

The graft-polymer membrane prepared in the same 
manner as in Example XVI was dipped in chloromethylether con- 
20 taining aluminium chloride as catalyst to be reacted at 58°C 
for 6 hours, was washed with 10%-HCl, and then was washed 
with distilled water. A chloromethylation rate of the thus 
obtained graft-polymer membrane was 80%. 


- 31- 


0140544 


10 


The graft-polymer membrane piece ( 8cra x 6.5cm) after 
the chloromethylation, was heated together with 10ml of diethyl 
phosphite at 100 - 120 -C for 24 hours to be reacted. Upon 
completion of the reaction, the membrane was dipped in 50ml 
of a 1M-HC1 solution to be heated for 1 hour and then was 
washed with distilled water, a phosphonation rate of the 
thus obtained weakly acidic cation exchange membrane was 
90% and an ion exchange capacity was 0 . 71meq/g .dry resin. 
The weakly acidic cation exchange membrane had an electric 
resistance of 5.1 ohm- c m 2 when measured under 1 KHz AC in 
a 0.6N-KC1 aqueous solution, and a transference number of 
0.95 when measured in 0 . 5N-KC1/1.0N-KC1 after the conversion 
of phosphorous acid group to K-form by the treatment of 
0.5N-KOH aqueous solution. 
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CLAIMS : 


1. A method for the preparation of a graft polymer 
membrane comprising an inactive polymer film having TFS 
as a graft chain, characterized by the steps of: 
irradiating the inactive polymer film with ionizing 
radiation; and graft-polymerizing the resulting 
irradiated film by contacting the said film with TFS or 
a solution thereof. 

2. A method as claimed in claim 1, characterized in 
that the inactive polymer film is selected from 
polyethylene film, polytetraf luoroethylene film, 
polyethylene-polytetraf luoroethylene copolymer film, 
polychloroethylene film, polychlorotr if luoroethylene 
film, polyvinylidene fluoride film, polyvinyl fluoride 
film, tetraf luoroethylene-hexafluoropropylene copolymer 
film, tetraf luoroethylene-ethylene copolymer film, 
tetraf luoroethylene-propylene copolymer film, 

tetraf luoroethylene-perf luoroalkyl vinyl ether copolymer 
film, chlorotrif luoroethylene-ethylene copolymer film, 
and chlorotrif luoroethylene-propylene copolymer film. 

3. A method as claimed in claim 1 or 2, characterized 
in that the ionizing radiation dose is 1 to 30 Mrad. 

4. A method as claimed in any of claims 1 to 3, 
characterized in that the graft polymerization 
temperature is 10 to 90°C, and in that the graft 
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polymerization time is 1 to 50 hours. 

5. A method as claimed in any of claims 1 to 4. 
characterized in that the said TFS is contacted with the 
said film while in a solvent selected from chloroform. 

5 methylene chloride, carbon tetrachloride. 
1.1.2. 2-tetrachloroethane, 
1.1.2-trichlorotrifluoroethane. and benzene. 

6. A method as claimed in any of claims 1 to 4. 
characterized in that the graft polymerization is 

10 carried out without using any solvent for the said TFS. 

7. A method as claimed in any of claims l to 6. 
characterized by the further step of sulfonating the 
obtained graft polymer membrane to provide a cation 
exchange membrane. 

15 8. a method as claimed in any of claims 1 to 6. 

characterized by the further steps of haloalfcylating the 
obtained graft polymer membrane, and quaternary 
aminating the haloalkylated membrane to provide an anion 
exchange membrane, 

20 9. A method as claimed in claim 8. characterized in 
that the haloalkylating agent is chloromethylether . 
10. A method as claimed in claim 8 or 9. characterized 
in that the quarternary aminating agent is 
trimethylamine. 

25 11. a method as claimed in any of claims 1 to 6. 
characterized by the further step of substituting at 
least part of the benzene rings of the said graft 
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polymer by one of the groups among hydroxyl groups, 
carboxylic acid groups, phosphoric acid groups and 
phosphorous acid groups, to provide a weakly acidic 
cation exchange membrane. 
5 12. A method as claimed in claim 11, characterized in 
that the substituting group is hydroxyl group and the 
hydroxylating reagent is hydrogen peroxide, 

13. A method as claimed in claim 11, characterized in 
that the substituting group is hydroxyl group and the 

10 hydroxylating reagent is alkylhydroperoxide. 

14. A method as claimed in claim 11, characterized in 
that the substituting group is carboxylic acid group and 
the carboxylating reagent is oxalic chloride. 

15. A method as claimed in claim 11, characterized in 

15 that the substituting group is carboxylic acid group and 
the carboxylating reagent is butyl lithium and carbon 
dioxide. 

16. A method as claimed in claim 11, characterized in 
that the substituting group is phosphorus acid group, 

20 aad after the chlororaethylation of the benzene rings the 
phosphonation is carried out. 

17. The product produced by the method of any of claims 
1 to 16. 

18. An anion exchange membrane comprising a graft 

25 polymer membrane composed of an inactive polymer film 

and TFS thereon as a graft chain, characterized in that 
at least part of the benzene rings are substituted by 
quarternary 
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ammonium alkyl groups. 

19. A aembrane as claimed in claim 18. characterized in 
that the quarternary ammonium alkyl group is 
trimethyl-aminomethyl group. 

20. A wealcly acidic cation exchange membrane comprising 
a graft polymer membrane composed of an inactive polymer 
film and TFS thereon as a graft chain, characterized in 
that at least part of the benzene rings are substituted 
by one of groups among hydroxyl group, carboxylic acid 
group, phosphoric acid group and phosphorous acid group. 

21. A membrane as claimed in any of claims 18 to 20, 
characterized in that the inactive polymer film is 
selected from polyethylene film, polytetraf luoroethylene 
film, polyethylene-polytetraf luoroethylene copolymer 
film, polychloroethylene film, 

polychlorotrif luoroethylene film, polyvinylidene 
fluoride film, polyvinyl fluoride film, 
tetrafluoroethylene-hexafluoropropylene copolymer film, 
tetraf luoroethylene-ethylene copolymer film, 
tetraf luoroethylene-propylene copolymer film, 
tetraf luoroethylene-perf luoroalJcyl vinyl ether copolymer 
film, chlorotrif luoroethylene-ethylene copolymer film, 
and chlorotrif luoroethylene-propylene copolymer film. 
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